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The study aimed to evaluate the immediate results of the use of electret in the surgical treatment of children with Perthes
disease.
Methods. The study was based on the results of a comprehensive examination of 10 patients (10 hip joints; average age,
7.2±0.7 years). To stabilize the joint and comply with the principle of “containment therapy,” all children underwent triple
pelvic osteotomy, which was supplemented by a transphyseal implantation electret. Postoperatively, all patients were
evaluated for the severity of pain syndrome and amplitude of movements and underwent ultrasonography, radiometry of
the main indicators of the structure and stability of the hip joint, computed tomography, and magnetic resonance imaging
of the hip joints.
Results. The visual analog scale questionnaire indicated the presence of a moderately pronounced pain syndrome on
postoperative day 3, with its complete relief by day 7. Ultrasound studies showed the absence of synovitis, and goniometry
revealed the achievement of physiological indicators of flexion and abduction to the end of the hospitalization period.
According to the radiation methods, all patients had elimination of subluxation with the restoration of hip joint stability
and a significant improvement in the shape of the femoral head with the appearance of its single bone contour. The volume
of the bone part of the femoral head increased by 15%–35% from the original, and there was a significant improvement
in the shape of the cartilaginous model with the complete absence of a necrosis focus in the femoral head, close to the
physiological position of the labrum acetabulum.
Conclusions. The use of electret in the surgical treatment of children with Perthes disease in Catterall groups III–IV and
hip subluxation due to the anti-inflammatory effect makes it possible to alleviate pain syndrome and manifestations of
synovitis early after surgery and to begin rehabilitation treatment with the achievement of the physiological amplitude of
movements in the hip joint in the immediate postoperative period. The osteoreparative effect of the electrostatic electret
field alone or in combination with anti-inflammatory treatment increased the volume of the newly formed bone tissues
of the femoral head with a decrease in the area of its defect or disappearance of compression of the central part of the
epiphysis with the differentiation of the initial elements of the trabecular pattern, in comparison with the homogeneous
high-intensity structure of the femoral head.
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Применение ортопедического электрета в хирургическом лечении детей
с болезнью Пертеса: ближайшие результаты
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Цель работы — оценить ближайшие результаты применения ортопедического электрета в хирургическом лечении детей с болезнью Пертеса.
Материал и методы. Исследование основано на результатах комплексного обследования 10 пациентов (10 тазобедренных суставов) в среднем возрасте 7,2±0,7 лет. Всем детям для стабилизации сустава и соблюдения принципа “containment therapy” была выполнена тройная остеотомия таза, которая была дополнена трансфизарной
имплантацией ортопедического электрета. В послеоперационном периоде оценивали выраженность болевого
синдрома по ВАШ, амплитуду движений, выполняли рентгенометрию строения и стабильность тазобедренного
сустава, УЗИ, МСКТ и МРТ тазобедренных суставов.
Результаты. Анкетирование по ВАШ свидетельствовало о наличии умеренно выраженного болевого синдрома уже
на 3-и сутки послеоперационного периода с его полным купирование к 7-м суткам.УЗИ показало отсутствие синовита,а
гониометрия—достижение физиологических показателей сгибания и отведения к окончанию срока госпитализации.
По данным лучевых методов исследования, у всех пациентов был устранен подвывих с восстановлением стабильности тазобедренного сустава, значительное улучшение формы головки бедренной кости с формированием ее
единого костного контура. Величина объема костной части головки увеличилась на 15–35% (2–3 см3) от исходной.
Также значительно улучшилась форма хрящевой модели с полным отсутствием очага некроза в головке бедренной кости, положение labrum acetabulum приблизилось к физиологическому.
Заключение. Применение ортопедического электрета в хирургическом лечении детей с болезнью Пертеса групп
III–IV по Catterall и подвывихом бедра позволяет купировать болевой синдром и проявления синовита в ранние
сроки после операции за счет противовоспалительного эффекта, начать восстановительное лечение с достижением физиологической амплитуды движений в тазобедренном суставе в ближайшем послеоперационном периоде.
Остеорепаративный эффект электростатического поля электрета приводит к увеличению объема новообразованной костной ткани головки бедра и уменьшению зоны ее дефекта или отсутствию компрессии центральной части
эпифиза с дифференцировкой начальных элементов трабекулярного рисунка в сравнении с гомогенной высокоинтенсивной структурой головки бедренной кости.
Ключевые слова: дети, болезнь Пертеса, подвывих бедра, тройная остеотомия таза, ортопедический электрет.
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Background
Currently, Perthes' disease remains one of the
most severe and difficult in terms of the treatment of hip joint diseases in children. The incidence of this pathology ranges from 0.4 to 29.0
per 100,000 children with a peak of the disease
from 4 to 8 years [1, 2, 3]. The pathogenesis of
the disease is a violation of arterial perfusion of
the proximal epiphysis of the femur with its subsequent infarction and the formation of a necrosis focus with a different volume of lesion of the
femoral head [4, 5]. The natural course of Perthes'
disease in children in groups III–IV according to
the Catterall classification [6] leads to deformation of the femoral head with the formation of
an extrusion subluxation of the latter. With such
radiological picture of the disease, an adequate
method of treatment is surgical — “primary surgical containment". One of the most common
methods of surgical treatment that allows to stabilize the hip joint and significantly improve the
shape of the proximal epiphysis of the femur is a
triple osteotomy of the pelvis. At the same time,
it should be emphasized that there are no studies
to assess the course of the processes of revitalization of the necrosis focus in the femoral head.
To date, in order to reduce the recovery time
of the shape and structure of the proximal epiphysis of the femur, such conservative treatment methods as physiotherapy (various types
of electrophoresis, laser and magnetotherapy)
are widely used, but their effectiveness remains
unproven. It has also recently been established
that electric fields serve as an effective tool for
controlling and regulating cellular and tissue
homeostasis, and electric potentials play an important role in the proliferation, migration and
remodeling of bone cells [7]. However, all available electrical stimulators operate from external
power sources, which significantly limits their
use due to the inconvenience caused and the lack
of the possibility of their long-term use. In recent
years, there have been data on methods of stimulating positive biological processes in the human
body by short-range static electric fields created by autonomously functioning electretes [8].
Electretes are electrical analogues of permanent
magnets, the physics of which is based on rather
complex phenomena underlying the so—called
electret state of dielectrics [9]. Electretes belong
to the class of active dielectrics and are materials
48
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capable of maintaining residual polarization for
a long time (months or even years) after removal
of external influence and generating a relatively strong (up to 106 V/m) quasi-static (slowly
changing in time) electric field. Along with the
presence of a field, electretes have a very weak
electric current (density 10-14 A / mm2), which
flows along the field voltage gradient. This current, which increases many times when the electret is heated, is called a thermally stimulated
current (TSC). The totality of the manifestations
of electret (electric field and TSC) is called the
electret effect. Currently, there are publications
in the literature reporting successful results of
treatment of adult patients with osteoarthritis of
the joints of the lower extremities using orthopedic electret [10, 11, 12, 13]. Studies concerning
the effectiveness of electret use in the surgical
treatment of orthopedic diseases of the hip joint
in children in our country are of a single nature.
The aim of the study was to evaluate the immediate results of the use of orthopedic electret in
the surgical treatment of children with Perthes'
disease.

Methods
Design of the study
A multicenter open cohort prospective study was
performed.
The criteria for inclusion of patients in the
study were: the age of children from 6 to 8 years,
the presence of hip subluxation, subtotal or total
lesion to the epiphysis (Catterall group III–IV),
the stage of fragmentation of the femoral head,
the absence of surgical interventions history on
the hip joint, the absence of neurological disorders of the lower extremities, systemic and genetic
diseases, voluntary informed consent of patients
and their parents to participate in this study.
Exclusion criteria: age less than 6 and older
than 8 years; femoral epiphysis lesion corresponding to Catterall groups I–II; absence of hip
joint instability; stage of osteonecrosis, impression fracture or recovery; presence of confirmed
neurological, systemic and genetic diseases.

Patients
The study included 10 patients (10 hip joints)
aged 6 to 8 (7.2±0.7) years with Perthes disease
in the stage of fragmentation with lesions of the
Traumatology and orthopedics of Russia
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femoral epiphysis corresponding to Catterall
groups III–IV, and the presence of extrusion hip
subluxation. There were 8 male (80%) and 2 female (20%) patients. After diagnosis, all children
underwent conservative treatment at their place
of residence without observing the principle of
“containment therapy” — the centralization of
the femoral head in the acetabulum with a bone
coverage coefficient equal to 100%. In this regard, all patients developed instability of the hip
joint on the side of the lesion in the form of hip
subluxation, which required surgical treatment.
The purpose of the surgery was to restore the stability of the joint with the creation of conditions
for the formation of the sphericity of the femoral
head and the congruence of the articular surfaces
of the hip joint as a whole.

Surgical technique
A triple pelvic osteotomy was chosen as a surgical treatment technique, which was supplemented by implantation of an orthopedic
electret "Electret stimulator of osteoreparation —
IMPLESO" (Medel LLC, Russia) into the neck and
head of the femur in such a way that its proximal
part was transfisually brought as close as possible to the focus of necrosis in the femoral head
(Fig. 1).

а

b
Fig. 1. Postoperative X-ray images of the patient,
born in 2015: a — AP projection; b — axial
projection. The proximal part of the orthopedic
electret is brought through the neck of the femur
physis to the focus of head necrosis as close
as possible
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Methods of examination
The clinical study consisted in the classical
method of examination of patients with orthopedic pathology of the hip joints. The preoperative
comprehensive examination included ultrasound
and radiography of the hip joints in anteroposterior and axial projections, as well as in the position of abduction and internal rotation of the
lower extremities in order to assess the centralization of the femoral head in the acetabulum
and exclude the symptom of “hinge adduction”,
MSCT and MRI of the hip joints. Radiography was
performed on a Philips Digital Diagnostic device
MSCT — on a Philips CT Brilliance 64 multisection tomograph, MRI — on a Philips Ingenia
Elition 3.0T X device .
In the postoperative period, the examination
included an assessment of the severity of the pain
syndrome on the VAS scale on the 3rd, 7th and 14th
days after the surgery, the amplitude of movements on the 7th and 14th days, ultrasound of the
hip joints on the 3rd, 7th and 14th days., radiography of hip joints in anteroposterior and axial projections, MSCT and MRI 6 months after surgery.
According to the results of ultrasound, the presence and severity of hip synovitis were assessed.
On the basis of radiographs, radiometry of the
main indicators of the anatomical structure and
stability of the hip joint was performed (Sharp and
Wiberg angles, cervical-diaphyseal angle, angle
of antetorsion of the proximal femur, degree of
bone coverage (UPC). According to the MSCT data,
the shape, size and structure of the femoral head
were evaluated using volumetric and multiplanar
reconstructions using tissue segmentation techniques (color mapping of the affected head) with
measurement of its volume, and densitometric
indicators of femoral head density were evaluated using the histogram technique of the selected
volume of the area under study. According to MRI
data, the shape of cartilaginous models of the
femoral head and acetabulum was evaluated.

Statistical analysis
Statistical analysis was carried out using Excel
2010 and SPSS Statistics v. 26. Using descriptive statistics, arithmetic averages (M), standard
deviations (SD), median (Me) with the 25th and
75th percentiles (Q1–Q3) were calculated. The
intragroup analysis was carried out using the
Wilcoxon criterion.
Traumatology and orthopedics of Russia
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Results
Upon admission to inpatient treatment in the department of hip pathology, the main complaint of
patients was the restriction of movements in the
hip joint, which was characterized by typical disorders of the amplitude of abduction and internal
rotation in the hip joint (Table 1).
As can be seen from Table 1, functionally significant changes in the parameters of the amplitude of flexion and external rotation were not verified. The Thomas test was negative in all patients.
Ultrasound of the hip joints revealed that 9
(90%) patients had an expansion of the capsularcervical space before surgery compared with the
contralateral healthy joint, the average value of
which was 2.5 ± 0.4 mm. The data obtained indicated the presence of moderately pronounced synovitis of the hip joint. The results of the X-ray
examination are presented in Table 2.
Table 1
The range of motions in the hip joints in
patients before surgery, degrees
Motion

Range of motions
(М±SD) / Ме (Q1–Q3)

Flexion

109,0±5,7 / 110 (105–115)

Abduction

13,6±3,2 / 15 (10–15)

Internal rotation

12,7±4,1 / 15 (10–15)

External rotation

44,0±7,4 / 45 (40–50)

It was found that in patients with Perthes' disease there was a moderately pronounced excess of
the upper limit of the normal values of the angle
of inclination of the acetabulum in the frontal
plane, which may be due to extrusion subluxation
of the hip. This is evidenced by the pathological
values of the angle of Wiberg and DBC with the
presence of a site of local hyperpression of articular surfaces in the upper-lateral part and the formation of secondary deformation of the acetabulum. The values of NSA and АА were within the
physiological norm.
The results of MSCT of the hip joints showed
that in all patients, during the initial studies,
there was a total lesion of the femoral head with
partial preservation of the marginal surfaces of
the epiphysis. The subchondral necrosis zone was
measured when assessing the height of the lateral, central and medial parts of the head. A total decrease in the height of the central part was
observed in 30% of patients, subtotal — in 70%.
Densitometric characteristics of the density of the
fragmented femoral head according to the histogram showed increased mineralization by an average of 81.8 ±15.9 units. Houndsfield (HU) compared with a healthy femoral head (Fig. 2).
According to the MRI, all patients had deformity of the cartilaginous model of the proximal
epiphysis of the femur and labrum acetabulum
(Fig. 3). The latter, in our opinion, arose due to the
forming coxa magna and hip subluxation.
The severity of the pain syndrome in the postoperative period according to the results of the
patient survey is shown in Figure 4.

Table 2
Comparison of X-ray anatomical parameters of the hip joint in children
with Perthes' disease before surgery with standard indicators
Parameter

Perthes' disease patients (M±SD) / Ме (Q1–Q3)

Normative parameters
in healthy children (Kamosko M.M.) [14])

Sharp angle, deg.

51,1±2,7 /49,1 (48,0–52,8)

35–45

9,9±4,1 / 11 (5,5–13,0)

25–40

NSA, deg.

141,5±5,3 / 141,5 (138,3–145,0)

125–145

AA, deg.

15,3±2 / 15 (13,3–16,0)

10–30

DBC, %

58,3±7,0 / 57,5 (51,3–64,5)

85–100

Wiberg angle, deg.
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а

b
Fig. 2. Computed tomography of the hip in a patient with Perthes disease (Catterall IV) and hip
subluxation: a — method of measuring the zone of subchondral necrosis; b — assessment of femoral head
density using the histogram technique of the allocated volume of the studied zone

Fig. 3. Magnetic resonance imaging of a patient,
born in 2015, with the diagnosis of Perthes disease
in the stage of fragmentation with total lesion
of the femoral head (Catterall IV) and hip
subluxation (explanations in the text)

The maximum intensity of the pain syndrome
on the 3rd day after performing a triple pelvic osteotomy in combination with implantation of an orthopedic electret was 3 points, which corresponds
to moderate pain. In the future, by the 7th day,
only one out of 10 patients had pain syndrome
corresponding to 2 points according to VAS. On
the 14th day, pain was completely stopped in all
children. The absence of a pronounced pain syndrome made it possible to start early rehabilitation treatment according to the methods developed in the clinic [15], which, in turn, allowed
to achieve an almost physiological amplitude of
flexion and withdrawal by the time of discharge of
patients (Table 3).
Ultrasound of the hip joints performed on the
3rd day after surgery revealed an expansion of
the capsular-cervical space, the size of which was
51
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3rd day

7th day

14th day

Fig. 4. Severity of pain syndrome in patients
according to the visual analog scale on
postoperative days 3, 7, and 14

1.4 mm compared with a healthy joint in only 1
(10%) patient. The results of the analysis of the
X-ray anatomical structure of the pelvic and femoral components of the joint, as well as its stability, carried out after 6 months are presented in
Table 4.
It can be seen from Table 4 that all patients
had elimination of subluxation with restoration
of hip joint stability, as evidenced by the changes
in the Sharp, Wiberg, and DBC angles (p<0.05).
The moderately pronounced excess of the lower
limit of the normal values of the Sharp angle is
explained by the need for a greater intraoperative lateral inclination of the acetabulum than in
children with hip dysplasia due to the presence
of a destroyed lateral column of the femoral head
and coxa magna forming, as well as its initially
smaller deformation. The results of the MSCT
Traumatology and orthopedics of Russia
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The range of motions in the hip joints on the 7 and 14 days
of the postoperative period, degrees
th

Motion
Flexion
Abduction

th

7th day
(М±SD)
Ме (Q1–Q3)

14th day
(М±SD)
Ме (Q1–Q3)

88,5±4,7
90 (85,0–91,3)

105,0±4,7
105 (100–110)

23,0±3,5
22,5 (20–25)

28,0±2,6
30 (25–30)

Table 3

Table 4
Comparison of X-ray anatomical parameters of the hip joint in children
with Perthes' disease 6 months after surgery with standard indicators

Perthes' disease patients (M±SD) / Ме
(Q1–Q3)

Normative parameters
in healthy children (Kamosko M.M.) [14])

Sharp angle, deg.

34,0±3,3
34,0 (30,8–35,5)

35–45

Wiberg angle, deg.

35,4±4,0
36,0 (32,0–38,5)

25–40

NSA, deg.

141,5±5,3
141,5 (138,3–145,0)

125–145

AA, deg.

15,3±2,0
15 (13,3–16,0)

10–30

DBC, %

98,5±2,4
100 (95–100)

85–100

Parameter

showed that the structure of the femoral head
bone tissue in dynamics allowed differentiating
the initial elements of the trabecular pattern in
comparison with the homogeneous high-intensity structure of the head initially, and the densitometric characteristics of the femoral head density, according to the histogram, began to approach
the values on the contralateral proximal epiphysis. In all patients, during the control study, the
restoration of the shape of the head was noted in
the form of both an increase in the size of the lateral parts (mainly lateral) and a decrease in the
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area of the head defect or lack of compression of
the central part of the epiphysis — a significant
improvement in the shape of the femoral head
with the appearance of its single bone contour.
With volumetry, the volume of the bone part of
the head increased by 15-35% (2-3 cm3) from the
initial values (Fig. 5).
The MRI performed showed a significant improvement in the shape of the cartilage model
and the absence of a necrosis focus in the femoral head, as well as an approximate physiological
position of the labrum acetabulum (Fig. 6).
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а

b

с

d
Fig. 5. Computed tomography of the hip: volumetric and multiplanar reconstructions and tissue
segmentation (color mapping of the affected head) with the measurement of its volume: a — assessment
of the densitometric parameters of the femoral head density using the histogram technique of the selected
volume of the area under study; b — measurement of the volume of the affected head by multiplanar
reconstruction with color mapping; c — measurement of the bone mass volume of the affected head before
surgery; d — 6 months after surgery

Fig. 6. Magnetic resonance imaging
of cartilaginous models of the femoral head
and acetabulum 6 months after surgery
(explanations in the text)

Discussion
The modern treatment of patients with Perthes'
disease is based on the principle of “containment therapy”, which consists in immersing the
femoral head into the acetabulum with a degree
53
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of bone coverage equal to one, which allows improving the shape of the femoral head and thereby delaying the development of hip arthritis [16].
Surgical treatment in the vast majority of cases
is required for children over 6 years of age with
total or subtotal lesion to the epiphysis according
to the Catterall classification, since the destruction of the lateral column of the femoral head
with increased intra-articular pressure provokes
joint instability [17, 18]. To date, in the world
orthopedic practice, in the surgical treatment
of children with Perthes disease with subtotal
or total damage to the epiphysis, to achieve the
principle of “containment therapy”, methods of
corrective (varization) femur osteotomy and triple pelvic osteotomy are used. There is no clear
answer in the scientific literature about the advantages of one treatment tactic over another. At
the same time, a number of authors have proved
that the typical shortening of the lower limb after
performing a corrective (varization) osteotomy
of the femur is on average 2 cm, and the comTraumatology and orthopedics of Russia
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bination of weakness of the gluteal muscles and
different heights of the lower extremities in the
long-term postoperative period forms a violation
of the stereotype of walking in the form of lameness [19, 20, 21, 22, 23]. Triple pelvic osteotomy,
according to many authors, is considered the
most justified surgical technique, since it avoids
intervention on the proximal femur and thereby
excludes the formation of clinically significant
shortening of the lower limb and iatrogenic hypertrophy of the large trochanter [24, 25, 26].
Taking into account the data of the world literature, in this study, triple pelvic osteotomy was
chosen as a method of surgical treatment of children with Perthes' disease. It is known that under
the influence of a pulsed electromagnetic field,
osteoblasts are stimulated and osteogenesis activity increases due to an increase in the expression of TGF-beta1 and BMP-2/4 proteins, as well
as an increase in intracellular calcium transition
processes [27, 28, 29].
According to a number of authors, a strong
positive anti-inflammatory effect has been
proven under the influence of a pulsed electromagnetic field, which causes an increase in the
activity of adenylate cyclase and a decrease in
the production of superoxide anions as a result
of increased regulation of A2A receptors located on the surface of neutrophils. This helps
to improve blood flow, and also limits the expansion of the necrotic zone resulting from ischemia [30, 31].
At the same time, there is practically no data
in the available literature on the use of electric
fields, especially immersion fields, in the treatment of this category of pediatric patients, their
effect on the course of the postoperative period
and on a comprehensive assessment of the timing of the revitalization of the necrosis focus in
the proximal epiphysis of the femur. The publications mainly concern the evaluation of the
functional results of the treatment of adult patients with aseptic necrosis of the femoral head.
A number of authors independently proved the
effectiveness of isolated application of surface
electromagnetic stimulation in the early stages
of aseptic necrosis of the femoral head (Ficat I
and II) in adult patients [32, 33, 34]. J.L. Cebrián
et al. and L. Massari et al. in their studies showed
that the overwhelming number of patients receiving electromagnetic therapy had a signifi54
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cant decrease in pain syndrome, and in some it
was completely stopped [32, 33].
R.K. Aaron et al. conducted a comparative
analysis of the effectiveness of electromagnetic
stimulation in 56 patients and surgical decompression of the necrosis focus in 50 patients.
According to the results of the questionnaire on
the modified D'Aubigne functional scale, 68%
of patients receiving this type of physiotherapy
showed clinical and functional improvement,
while the same result in patients receiving surgical treatment was in 44%. The X—ray examination showed the progression of the pathological
process in both groups, but it was less pronounced
in patients receiving electromagnetic therapy 39% versus 64% [35].
Based on the data of a comprehensive examination in the immediate postoperative period obtained during the execution of our study, it can
be concluded that the constant electrostatic field
created by the implanted orthopedic electret has
anti-inflammatory and analgesic effects. It should
be noted that previously patients had to perform
a physiotherapy procedure for 8 hours a day for
several months, which causes significant social
difficulties. The use of orthopedic electret allows
you to abandon these procedures and improve the
quality of life of patients and their parents.
In the only Russian thematic publication,
N.I. Nelin et al. analyzed the functional and radiological results of treatment of 49 children with
Perthes' disease, while electret implants were
used in 15 patients - a Blount-type plate or screw
[36]. The authors note good anatomical and functional outcomes in 93.3% of patients, while in
children who received similar surgical treatment
without the use of orthopedic electretes, similar
results were found in 86.6%. The authors attribute the obtained results to the positive effect of
the electrostatic field, which manifested itself in
the activation of proliferation and differentiation of multipotent mesenchymal stromal cells
of the bone marrow, intensification of the processes of synthesis of proteins of osteogenic and
chondrogenic orientation, as well as a decrease
in the intensity of pain syndrome due to blocking
the processes of depolarization of the membrane
of cells of specific bone receptors. However, the
authors do not indicate either the timing of pain
relief or the timing of restoration of the structure
of the femoral head.
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Study limitations
Our study has the following limitations: a small
group of patients due to the rare occurrence of
such severity of hip joint lesion in the totality of
the described pathological changes, the absence
of a comparison group and thematic publications.

Conclusions
The use of orthopedic electret in the surgical
treatment of children with Perthes' disease in
Catterall III–IV groups and hip subluxation due
to the anti-inflammatory effect makes it possible
to stop pain syndrome and manifestations of synovitis in the early stages after surgery, to begin
rehabilitation treatment with the achievement of
physiological range of motions in the hip joint in
the immediate postoperative period. Apparently,
the osteoreparative effect of the electrostatic
electret field in its own version or in combination
with an anti-inflammatory effect provides an increase in the volume of newly formed bone tissue
of the head with a decrease in the area of its defect or the absence of compression of the central
part of the epiphysis with differentiation of the
initial elements of the trabecular pattern in comparison with the homogeneous high-intensity
structure of the femoral head.
It is planned to conduct a further study of the
effect of orthopedic electret on the timing of the
revitalization of the necrosis focus and restoration of the structure of the femoral head as part
of a comparative analysis.
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